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APPLICATION  OF  COMPUTER  GENERATED  HOLOGRAMS  TO  OPTICAL 
TRAN  S  FORMAT I ONS  ^ 

Zheng,  Shanfeng  and  Wang,  Tianji^ 

Abstract 

This  paper  discusses  how  to  use  computer-generated 
holograms  as  a  holographic  lens  to  realize  optical 
transformations  of  ring-to-line,  line-to-point  and 
ring-to-point,  etc.  By  use  of  liguid  crystal  Television 
spatial  light  modulating  devices  one  can  fabricate  computer 
generated  holograms  in  guasi— real  time. 

Keywords;  Computer  generated  hologram  (CGH),  Optical 
transformation,  liquid  crystal  Television  Spatial  light 

modulator  (LC-TV-SLM) . 


1.  Introduction 

Based  on  the  basic  principles  of  holographic  recording, 
in  1965  Lohmann  first  used  computers  to  come  up  with  the 
first  piece  of  computer  generated  holograms.  When  a  computer 
generated  hologram  is  being  made,  the  presence  of  the  actual 
material  object  is  not  necessary,  but  all  one  needs  is  the 
concrete  mathematical  expressions  of  material  waves,  which 
will  allow  one  quite  easily  to  build  projection  functions 
acting  as  some  arbitrary  2-dimensional  complex  functional 


1  Data  of  Receipt:  June  4,  1990;  Date  of  the  revised 
version:  November  5,  1990. 
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holographic  lens,  and  such  holographic  lens  can  be  fully 
utilized  in  some  spatial  transforming  optical  systems,  in 
realizing  a  cerain  kind  of  the  required  optic 

transformations . 


Brygndahl  [2,3]  used  computer  generated  holograms  as 
holographic  lens  to  construct  a  spatial  transformational 
system,  which  could  realize  some  optic  transformations:  For 
instance,  straight  displacement,  localized  downsizing,  etc. 
while  Saito  et  al.  [4]  applied  computer  generated  holograms 
to  carry  out  the  real-time  optical  ln(r)  -6  transformation, 
and  then  used  this  application  to  recognize  optical  shapes; 
Casasent  [5]  just  used  computer  generated  holograms  to 
realize  optical  "marine"  transformations. 


Based  on  all  these  facts,  what  this  paper  would  like  to 
describe  is  how  to  use  computer  generated  holograms  as  a 
holographic  lens,  to  realize  optical  transformations  of 
ring-to-line,  line-to-point,  and  ring-to-point ,  etc . ,  (below 
the  transformations  of  ring-to-line,  line-to  point  and 
ring-to-point  will  simply  be  called  as  the  ring-line, 
line-point  and  ring-point  transformations).  Now  computer 
generated  holograms  are  going  to  be  worked  out  by  2  kinds  of 
methods;  the  first  kind  is  a  commonly  known  one,  namely 
letting  computers  sketch  images  to  draw  computer  generated 
holograms  and  then  carry  out  the  optical  downsizings,  while 
the  second  kind  is  as  follows:  The  computer  would  feed  the 
encoded  data  of  computer  generated  holograms  into  a  liquid 
crystal  television  spatial  light  modulator,  and  thus  on  the 
liquid  crystal  television  spatial  light  modulating  device, 
computer  generated  holograms  can  be  fabricated  in  quasi-real 

time .  u 

Hr.i) 


X  H  “  L 


Fig.  1  Optical  transformation  system 


1.  Optical  transformational  systems 

Flg.l  shows  a  realization  of  a  spatial  optical  system 
for  optic  transformations,  placing  the  amptitude 
distribution  object  f(x,y)  at  I  the  established  rnput 
surface,  while  H  the  holographic  lens  (namely  computer 
generated  holograms)  leans  closely  onto  the  I  surface,  o 
get  irradiated  by  the  parallel  coherent  beams  so  that  x  , 
possesses  phase  function  .f(x,y),  then  there  wxll  be  a 
complex  amplitude  distribution  F(u,v)  at  0  the  output 
suiff ace  as  follows  . 


F  (u,  b)  =  j|/  («,  y)  exp  \i4>  (®»  y)  1  t  ^ 

where  k  =  2u/X  and  X  is  the  wavelength;  if 

^  rewrite  Eqn.(l)  as 

F(tt,  y)0xp[*M(a>,  y)]<feiyo 


(1) 


(2) 


For  a  large  K-value,  one  can  use  the  phase-equalizing 
method  [61  to  find  the  approximate  value  of 

of  Eqn.(2)  and  can  prove  that  whatever  contributes  to  the 
integration  are  all  in  the  vicinity  of  some  saddle  pom 
and  at  these  saddle  points  the  following  relationship  is 

true: 


dh(cB,  y)  _  0X(ai,  y)_n 
0®  •  Qy 


(3) 


From  Eqn.(3)  one  gets 


if  a»(..  y) 

“  2«  0®  2®  dy 


(4) 


One  selects  a  transformation  from  a  certain  X-Y  plane  to  the 
U-V  plane  as  follows; 
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(5) 


r«i  »)1 

LyJ  lv°v(a),  j/)J 

From  Eqn.(5)  and  Eqn.(4)  one  can  solve  function  (p{X,Y) 
(provided  that  the  equation  has  solutions);  from  this,  one 
can  see  that  for  the  transformation  from  the  X-Y  plane  to 
the  U-V  plane  all  one  needs  is  to  solve  the  phase  function 
(^(X,Y)  and  one  can  fabricate  computer  generated  holograms 
which  have  phases  shown  by  ^(X,Y),  and  thus  by  use  of  the  ^ 
optical  path  of  Fig.l,  one  can  realize  the  desired 
transformations . 

2.  Discussion  on  several  transformations 
If  the  transformation  is  as  follows: 

r®i  (6) 

LyJ  i«-y-»i 

then  it  is  a  line-point  transformation  from  the  X-Y  plane  to 
the  U-V  plane,  from  which  one  can  solve  the  phase-function 

as  follows: 


y)— (7) 

For  a  ring-line  transformation,  one  assumes 

ral  rtt-ln(a!*+s^^1  (Q) 

LyJ  L  t;=tan-^(y/a,)  J’ 

to  solve  the  phase-function  as  follows: 

If  one  combines  the  above  2  kinds  of  transformations,  one 
can  realize  a  ring— point  transformation. 
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2 .  Experiments 


1 .  Fabrication  of  computer  generated  holograms 

A  He-Ne  laser  is  used  as  the  light  source,  whose 
wavelength  A,=6,328  nm;  now  the  chosen  lens  focal  distance  f 
=  250  nm,  and  let  a  computer  sketch  the  images  to  draw  out 
computer  generated  holograms  of  Mr.  Li  type,  then  the 
original  size  of  the  computer  generated  holograms  is  20  x  20 
cm^,  but  through  an  optical  downsizing  (reduction  by  50 
times)  one  fabricates  a  practical  computer  generated 
hologram. 

The  liguid  crystal  television  spatial  light  modulater 
used  in  this  paper  was  a  modified  version  of  "Citizen 
OBIA-OH"  black-white  liguid  crystal  television,  purchased  in 
the  market,  the  screen  size  was  71  x  53  mm^,  and  the  number 
of  pixels  was  160  x  130  pixels;  after  some  appropriate 
circuitry  modifications,  it  could  receive  external  visible 
frequency  signals.  The  computer  then  passed  the  encoded  data 
of  computer  generated  holograms  into  the  storage  bank,  and 
in  the  storage  bank  they  were  converted  into  some  visible 
frequency  signals  to  feed  into  liquid  crystal  television 
spatial  light  modulater  to  fabricate  computer  generated 
holograms  in  quasi— real  time,  as  shown  in  Fig.  2. 

2 .  Use  of  computer  generated  holograms  to  realize  some 
optical  transformations 

By  following  the  optical  path  of  Fig.  1,  at  input 
surface  I,  the  input  objects  are  separated  into  a  ring  group 
and  a  line  group,  in  which  the  inner  and  outer  diameters  of 
the  ring  were,  respectively,  2 . 5  mm  and  3.0  mm,  and  the 
width  of  the  line  was  0.25  mm;  then  after  a  ring-line 
(line-point)  transformation,  the  theoretical  as  well  as  the 
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©xperimsntal  outputs  at  output  surfac6~0  can  b©  shown  as  in 
Fig.  3(b),  (c)  and  Fig. 4(b),  (c).  Wh©n  th©  ring-lin© 
transformation  and  th©  lin©“point  transformation  ar© 
combin©d,  on©  can  carry  out  th©  ring-point  transformation. 
Th©  ©xp©riin©ntal  optical  path  is  as  shown  in  Fig.  5,  and  th© 
input  obj©ct  choos©s  Fig. 3 (a),  while  th©  actual  transformed 
output  can  b©  s©©n  in  Fig.  6. 

3 .  Concluding  remarks 

Th©  experiment  in  this  paper  proved  that  computer 
generated  holograms  could  realize  an  optical  transformation, 
the  fabricated  computer  generated  holograms  has  fairly  good 
vitality,  thus  the  computer  generated  hologram  can  be 
readily  applied  as  an  optical  transformational  element,  to 
achieve  all  kinds  optical  transformations  for  different 
needs . 

The  time  needed  in  fabricating  a  computer  generated 
hologram  is  not  some  problem  that  can  be  overlooked.  This 
paper  used  a  liquid  crystal  television  spatial  light 
modulator  to  fabricate  computer  generated  holograms  in 
quasi— real— time ,  but  such  a  method  is  rarely  seen  in  our 
country,  and  it  can  skip  some  complex  processes  for  the 
computer  to  sketch  images  or  to  carry  out  optical 
downsizing,  and  thus  it  not  only  saves  time,  but  it  allows 
easy  preservation  and  revisions,  and  thus  brings  down  the 
cost  of  frabricating  computer  generated  holograms;  it  is  a 
very  practical  experimental  method;  the  liquid  crystal 
television  spatial  light  modulator  used  in  this  paper  had  a 
low  resolution  power,  but  the  present  authors  are  convinced 
that  by  use  of  some  similar  methods,  it  should  not  be  too 
difficult  to  fabricate  computer  generated  holograms  of  the 
spatial  band-width  multiple  of  1,024  x  1,024  or  of  some  even 
higher  ones. 
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(a)  ,  (b) 

Fig.  2  CXJH  generated  by  LCTU.  SLM 
(a)  For  ring-to-line  (b)  For  llne-to-point 


<a) 


Fig.  3  Eing-to-line  transformation 

I  plane  input  distribution;  (b)  O  plane  theoretical  output  distribution;  (c)  O  plane  practical  output 
distribution,  centen  tt-order  diffraction,  both  sides:  ±  1-order  diffraction. 


Fig.  4  Line-to-point  transformation. 

(a)  I  plane  input  distribution;  (b)  O  plane  theoretical  output  distribution;  (c)  O  plane  practical 
output  distribution,  center:  0-order  diffraction,  both  sides:  ±  1-order  diffraction 


Hg.  5  Eing-to-point  transformation  diagram 
Focus  of  U.  and  1,2:  /—250mm,  HI  and  H2:  OQH  for  ring-to-liu* 
and  line-to-point  transformations  respectively,  1  and  0;  input  and 
output  planes. 


Fig.  6  0  plane  practical  output  distri¬ 
bution  in  ring-to-point  transformation 
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